INTRODUCTION
============

A mutation in the gene encoding proprotein convertase subtilisin/kexin type 9 (PCSK9) was recently discovered in subjects with familial hypercholesterolemia. PCSK9 degrades low-density lipoprotein receptor (LDLR) protein, so PCSK 9 inhibition would be an effective strategy for preventing atherosclerotic cardiovascular disease (ASCVD) \[[@b1-enm-2020-35-2-480]\]. Lipid lowering therapies are a major component of ASCVD prevention; therefore, other unexpected side effects of lipid-lowering agents should always be considered in patients being treated with these regimens.

Similar to statins, there are conflicting views regarding the effect of PCSK inhibition on diabetes. In a phase 3 trial based on patients with prediabetes or normoglycemia, a PCSK9 inhibitor was not associated with hyperglycemia or glycosylated hemoglobin (HbA1c) elevation \[[@b2-enm-2020-35-2-480]\]. However, Mendelian randomization studies show that *PCSK9* genetic variants are associated with higher fasting blood glucose in patients with type 2 diabetes (T2D) or impaired fasting glucose (IFG), indicating a risk of hyperglycemia for patients using PCSK9 inhibitor drugs \[[@b3-enm-2020-35-2-480]\]. In addition, PCSK9 levels seem to be associated with metabolically unhealthy conditions \[[@b4-enm-2020-35-2-480]\]. If there is linkage between PCSK9 and diabetes risk, the effect of circulating PCSK9 in patients with prediabetes should be clarified.

Given the limited research on this topic, the aims of this study were to evaluate circulating PCSK9 in individuals with prediabetes and normoglycemia and to elucidate the association between circulating PCSK9 levels and glucose level.

METHODS
=======

We enrolled 92 Korean subjects (47 men and 45 women) who were registered in a regional cohort in Keimyung University Dongsan Medical Center. Diagnoses of IFG and impaired glucose tolerance (IGT) were defined according to the American Diabetes Association's criteria \[[@b5-enm-2020-35-2-480]\]. This study was approved by the Institutional Review Boards of Keimyung University Dongsan Medical Center in Korea (4-2011-0912, 4-2001-0039). All subjects provided written informed consent.

Following 8 hours of fasting, baseline biochemical profiles, including serum total HbA1c and glucose (oral glucose tolerance test), were analyzed using an automated glycohemoglobin analyzer (HLC-723G7, Tosoh, Tokyo, Japan) and a BIOSEN C-line clinic glucose and lactase analyzer (EKF Diagnostic, Cardiff, UK). PCSK9 concentrations were measured by enzyme-linked immunosorbent assay (Human PCSK9 ELISA Kit, Abcam, Cambridge, UK) using a spectrophotometric method at 450 nm \[[@b6-enm-2020-35-2-480]\].

Simple correlation coefficients were evaluated to assess correlations by glycemic level. We analyzed participants' characteristics according to glycemic degree, using one-way analysis of variance (ANOVA) to compare continuous variables and chi-square tests to assess categorical variables. To evaluate the association between glycemic status and PCSK9 level, we used analysis of covariance models. All statistical analyses were conducted using IBM SPSS version 25.0 (IBM Corp., Armonk, NY, USA), and *P*\<0.05 was considered statistically significant.

RESULTS
=======

The mean age was 69.53±7.12 years and the mean serum PCSK9 was 59.71±16.95 ng/mL ([Table 1](#t1-enm-2020-35-2-480){ref-type="table"}). The proportion of the subjects with hypertension was 52.2%, and the mean HbA1c, fasting blood glucose, and homeostatic model assessment of insulin resistance (HOMA-IR) scores were 5.60%, 92.95 mg/dL, and 1.04, respectively. Based on glucose levels, 57 (61.2%), 14 (15.2%), and 21 (22.8%) of the study subjects had normoglycemia, IGT, and IFG, respectively. There were no group differences in the proportion of female sex, hypertension, or age (all *P*\>0.05). The mean body mass index (BMI) and liver and kidney function were similar among the three groups. However, serum PCSK9 levels gradually increased from normoglycemia to IFG to IGT (means 55.25, 63.47, and 72.22 for normoglycemia, IFG, and IGT, respectively). Although the differences in high-density lipoprotein (HDL) cholesterol and low-density lipoprotein cholesterol levels between the normoglycemic group and prediabetes groups (IGT and IFG) were insignificant, subjects with IGT had higher triglyceride concentrations. PCSK9 concentrations were significantly positively correlated with glycemic status after adjusting for other metabolic confounders, including lipid profile, age, and sex. However, the correlation of BMI and PCSK9 was not statistically significant.

DISCUSSION
==========

This pilot study was designed to clarify the relationship between circulating PCSK9 levels and glycemic status and assess the relationship between prediabetes and PCSK9. Compared to the normoglycemic group, subjects with IGT had significantly higher PCSK9 levels. The difference was maintained after adjusting for other metabolic confounders.

To the best of our knowledge, PCSK9 levels in the prediabetic state have not been investigated. Prediabetes is a risk factor for both future diabetes and cardiovascular disease \[[@b7-enm-2020-35-2-480]\], and there might be a link to PCSK9. Several groups have assumed that interplay of various risk factors, such as T2D, obesity, dyslipidemia, and insulin resistance, is needed for cardiovascular changes and associated complications \[[@b5-enm-2020-35-2-480],[@b7-enm-2020-35-2-480]\]. The aforementioned risk factors increase both the progression of vascular changes and cardiovascular risk. The precise pathophysiology and relationship between prediabetes and cardiovascular risk are not fully understood; however, considering that PCSK9 is a main regulator of LDLR availability and the shared common denominator of lipid and glucose metabolism, there might be cross-talk between circulating PCSK9 and glycemic status. A previous study shows that PCSK9 level is positively correlated with insulin and HOMA-IR score \[[@b8-enm-2020-35-2-480]\]. We did not find any statistically significant differences in insulin resistance or BMI among the normal and prediabetes groups. Only circulating PCSK9 levels were significantly different in our study population. This finding might reflect the unique role of PCSK9 levels in patients with prediabetes.

The average PCSK9 level in the current study was similar to a that in a Chinese report \[[@b9-enm-2020-35-2-480]\] and lower than studies conducted in the United States \[[@b10-enm-2020-35-2-480]\] and Europe \[[@b8-enm-2020-35-2-480]\]. This discrepancy might suggest racial and ethnic differences between Asians and Caucasians and similarity among Asian countries. Additionally, lifestyle patterns, such as dietary intake, could have contributed to the relatively lower PCSK9 value in our study.

Recent studies report positive correlations between serum triglyceride levels and circulating PCSK9 \[[@b9-enm-2020-35-2-480],[@b11-enm-2020-35-2-480],[@b12-enm-2020-35-2-480]\]. A study of PCSK9-deficient mice shows significantly reduced postprandial triglyceridemia and a higher hepatic chylomicron remnant clearance \[[@b13-enm-2020-35-2-480]\]. We also demonstrated higher triglycerides in the IGT group, which had the highest PCSK9 level compared to the other groups. Unlike previous findings showing no role of PCSK9 in HDL-cholesterol metabolism \[[@b9-enm-2020-35-2-480]\], there were significant differences in HDL-cholesterol in our results.

In the current study, we performed oral glucose tolerance testing, which is considered the gold standard test to diagnose IFG or IGT. This strength supports the reliability of our results compared with those of previous studies that were based on fasting blood glucose alone \[[@b8-enm-2020-35-2-480],[@b9-enm-2020-35-2-480]\]. We found higher PCSK9 levels in IGT subjects compared to the IFG group. There is convincing evidence of the difference between IGT and IFG. IGT is associated with an increase in ASCVD \[[@b14-enm-2020-35-2-480]\], and IFG is correlated with triglyceride levels \[[@b15-enm-2020-35-2-480]\]. Our study has several limitations. Because it was based on cross-sectional analysis, we could not identify a causal relationship between circulating PCSK9 and prediabetes. Additionally, due to the small number of subjects, the results cannot be generalized. Finally, we only measured PCSK9 once in each subject.

In conclusion, higher serum PCSK9 is associated with IGT or IFG but not normoglycemia. Further well-designed, prospective studies are needed to confirm the pathophysiology and action of PCSK9 in glucose intolerance and future T2D risk.
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Comparison of Glycemic Status Categories

  Parameter                                     Total (*n*=92)   Normal (*n*=57)   Impaired glucose tolerance (*n*=14)   Impaired fasting glucose (*n*=21)   *P* value
  --------------------------------------------- ---------------- ----------------- ------------------------------------- ----------------------------------- -----------
  Male sex                                      47 (51.1)        29 (50.9)         4 (28.6)                              14 (66.7)                           NS
  Age, yr                                       69.53±7.12       69.72±6.88        69.57±8.24                            69.00±7.31                          NS
  Body mass index, kg/m^2^                      23.59±3.05       23.84±3.30        23.14±2.73                            23.23±2.52                          NS
  Systolic blood pressure, mm Hg                120.09±15.57     119.61±14.47      124.71±18.24                          118.29±16.76                        NS
  Diastolic blood pressure, mm Hg               71.91±8.96       72.53±8.76        73.86±9.13                            68.95±9.16                          NS
  Hypertension                                  48 (52.2)        26 (45.6)         10 (71.4)                             12 (57.1)                           NS
  Hemoglobin, g/dL                              13.81±1.38       13.79±1.42        13.55±1.56                            14.03±1.16                          NS
  Fasting glucose, mg/dL                        92.95±7.67       89.60±5.63        91.00±5.81                            103.33±3.01                         \<0.001
  Glycosylated hemoglobin, %                    5.60±0.42        5.49±0.41         5.71±0.45                             5.82±0.30                           \<0.001
  Creatinine, mg/dL                             0.95±0.14        0.93±0.14         0.97±0.13                             0.98±0.15                           NS
  Aspartate transaminase, U/L                   27.38±8.35       27.42±9.62        28.29±5.00                            26.67±6.37                          NS
  Alanine transaminase, U/L                     24.91±17.37      24.79±20.80       28.00±8.97                            23.19±9.97                          NS
  Triglyceride, mg/dL                           131.52±97.68     112.65±56.08      217.14±191.97                         125.67±66.85                        0.001
  High-density lipoprotein cholesterol, mg/dL   52.92±13.53      53.09±12.54       53.79±19.09                           51.91±12.41                         NS
  Low-density lipoprotein cholesterol, mg/dL    109.27±28.97     108.84±27.39      106.00±29.01                          113.69±35.36                        NS
  Uric acid, mg/dL                              5.36±1.27        5.31±1.22         5.32±1.56                             5.53±1.24                           NS
  HOMA-IR                                       1.04±1.04        0.93±0.62         1.11±0.92                             1.28±1.79                           NS
  PCSK-9, ng/mL                                 59.71±16.95      55.25±15.29       72.22±15.46                           63.47±17.78                         0.001
  Urine albumin-to-creatinine ratio, mg/g       10.18±14.03      9.38±12.13        10.13±5.57                            12.62±20.59                         NS

Values are expressed as number (%) or mean±standard deviation.

NS, not significant; HOMA-IR, homeostasis model assessment index-insulin resistance; PCSK-9, proprotein convertase subtilisin/kexin type 9.
